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ABSTRACT 
Even though the benefits of usability have widely been 
proven, it seems that development-oriented companies face 
many difficulties to introduce usability practices into their 
defined development processes. This paper describes the 
overall methodology deployed as an attempt to achieve a 
closer integration of usability practices in the software 
development process. Model-Driven Engineering (MDE) is 
used as a basis for this integration. Providing a precise 
framework composed of models and transformations, it 
allows to track usability problems and to highlight where 
exactly they occur in the development process. We will thus 
be able to link every step of the process to specific 
ergonomic inputs and to study their consequences on the 
usability of the generated system. Because MDE will only 
be used as a way among others to investigate some 
hypotheses on usability and User-Centered Design (UCD) 
in general, our results are expected to provide valuable and 
generic information on usability and UCD processes.    
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INTRODUCTION 
For more than twenty years, researchers and practitioners 
have been developing a theoretical background and 
practical tools in order to improve the usability of systems. 
It is easily understandable when considering the benefits 
related to more usable systems. Thus, several studies have 
shown that usable systems were associated with an 
increased productivity, reduced errors, reduced need for 
training and support, improved acceptance and enhanced 
reputation ([15], [18]). 
But even though the benefits of usability have widely been 
proven, most software developers do not apply correctly 
any methodology related to usability. The main reasons 
explaining this fact are related to the time and costs 
associated with the integration of usability into software 
development. Following Seffah et al. [21], we also 
speculate that another reason for this phenomenon could be 
the lack of reference framework for usability practices that 
indicates where and how in the software process usability 
inputs need to be provided [9].  
It makes sense, therefore, to try to fill the gap between 
Software Engineering (SE) and usability practices by 
studying how we could reach a closer integration of both 
fields. To address this problem, we decided to focus on 
Model-Driven Engineering (MDE), a software development 
methodology, which specifies an automated process for 
developing interactive applications from high-level models 
to code generation. The very formal separation of every 
stage of the development process in MDE constitutes an 
ideal basis for our study. In this framework, we propose a 
3-step methodology, which aims at understanding the 
relationships between software development stages and 
usability aspects. 
1.1. Usability: a concept with multiple definitions and 
models 
The most common definition of usability is given by the 
standard ISO 9241-11 [13], which defines it as the “extend 
to which a product can be used by specified users to 
achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use”.  
Originating from computer sciences, where it was perceived 
as a human factor in a quality system [24], usability has 
been also studied in social sciences [6]. Shackel [23] is 
probably one of the first to define and specify the 
components of usability that include effectiveness, 
learnability, flexibility and attitude. However, during the 
late 1980’s and 1990’s, several authors focused their 
attention on the definition of usability, each author relating 
Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that copies 
bear this notice and the full citation on the first page. To copy otherwise, 
or republish, to post on servers or to redistribute to lists, requires prior 
specific permission and/or a fee. 
EICS’11, June 13–16, 2011, Pisa, Italy. 
Copyright 2011 ACM  978-1-4503-0670-6/11/06...$10.00. 
 this concept to different attributes [19]. Usability was also 
defined in several ways across international standards ([13], 
[14], [15]). We could also notice that not all authors use the 
term “usability attribute” to designate the entities, which to 
them make up the usability. These entities can also be 
called dimensions, components, scales, criteria or factors of 
usability [11]. Whatever the term used to identify these 
dimensions, usability criteria appear to be very numerous 
and diverse. For the time being, there is no consensus on 
the definition of usability and its related dimensions. Still, 
some authors have already tried to build consolidated 
models ([21], [25]) to go beyond the omissions and 
contradictions in current models and guidelines.  
In the literature, the issue of usability is mostly addressed 
through the perspective of its evaluation. According to 
Hornbaek [12], the measures of usability help “make the 
general and somewhat vague term usability concrete and 
manageable”. However, in his systematic review, the author 
insists on the fact that a lot of challenges still have to be 
resolved. The main shortcoming of usability evaluation 
methods is that they generally need an already developed 
system or prototype (and most of the time, real users) to 
produce recommendations ([11], [16]). That will lead to 
high cost and time and will not allow intervening at the 
earliest stage of the development process. Moreover, most 
of the usability criteria are difficult to translate into accurate 
metrics that can be implemented into the code. Therefore, it 
is hard for the developers to integrate usability at the early 
stage of the development process. 
Finally, these findings lead us to several conclusions. On 
the one hand, it is obvious that the overarching conceptual 
framework of usability lacks consensus and there seem to 
be no models that deal with all the requirements. This lack 
of a consistent and consolidated framework for usability is 
probably one of the main reasons why usability is still not 
well integrated into SE practices. On the other hand, even if 
the tools provided by the field of usability are able to assess 
a system’s degree of usability, they are still not really able 
to provide predictive guidelines which will ensure usability 
at the design level or even just guide developers by 
classifying the usability criteria into the different stages of 
their defined processes. Our project aims at investigating 
and, so far as possible, solving these issues. We will 
therefore look at how some studies attempt to integrate 
usability principles or practices in the software 
development process. 
1.2. Integration of Usability in the Development Process 
In the 1980’s and 1990’s, usability was seen by developers 
as an issue only related to the presentation of information, 
before they included system functionality in their concerns. 
As stated by Seffah et al. [22], this narrow view of usability 
was definitely not able to ensure the whole usability of a 
system. Fortunately, further works came to the conclusion 
that even non visible system features would impact the 
interaction between the user and the system [4]. Starting 
from this observation, researchers and practitioners have 
been concerned with the goal of achieving usability through 
software architecture ([3], [11]). Some authors provide 
architecture mechanisms or design patterns that directly 
relate to usability aspects ([3], [22]). Other studies try to 
define strategies to introduce HCI techniques and activities 
into mainstream software engineering practices [10]. In the 
same manner, the famous international standard ISO 13407 
[15] proposes a framework for the integration of usability at 
all stages of a development process. Its wide concept of 
User-Centered Design (UCD) is described as an “approach 
to interactive system development that focuses specifically 
on making systems usable”. 
Even so, it seems that current usability engineering 
practices fail to drive design at all stages [11]. We make the 
assumption that some concepts or methods introduced by 
SE could be useful to answer the problems emerging from 
the field of usability and to reconcile closely SE and 
usability. We assume that Model-Driven Engineering could 
constitute a favorable framework to our project. 
1.3. Model-Driven Engineering: a Way to Achieve Closer 
Integration of Usability into Software Development? 
Model-Driven Engineering (MDE), and its variant Model-
driven Architecture, have recently attracted the interest of 
both researchers and practitioners and are currently seen as 
key perspectives in the field of SE.  MDE is a software 
development methodology which specifies an automated 
process for developing interactive applications, based 
initially on models of abstract description of the system, 
manually specified by the software developer (user model, 
task tree, etc.). These models are gradually transformed into 
transient models of description, more concrete, of the 
interactive system (Abstract User Interface and Concrete 
User Interface), resulting in the generation of executable 
source code, the basis of the Final User Interface. The 
Cameleon Reference Framework [5] is one of the most 
commonly used tools for MDE. 
By separating the design tasks from the development ones 
and applying progressive model-to-model transformations, 
MDE allows the usability to be integrated into the whole 
user-system interaction process and not only at the 
graphical level of the user interface. As Juristo, Moreno and 
Sanchez-Segura [17] insist, user interface is only the visible 
part of the system but “interaction is a wider concept”. 
Some authors are already conducting studies linking MDE 
and usability ([1], [2], [7]). Abrahão, Iborra and 
Vanderdonckt [1] try to show how the usability of user 
interfaces that are generated by an MDA-compliant tool can 
be assessed. They introduce the idea of “usability by 
construction” and already imagine future trends: “It is our 
belief that model-driven development provides the basis for 
tight integration of usability evaluation in the MDA 
development process, allowing usability issues to be 
addressed as an integrated part of the system design and not 
just as an ad-hoc solution after most of the development has 
been completed”. Our research goal is closely related to this 
 work since the authors are investigating whether MDE 
methods improve software usability through model 
transformations. Fernandez, Insfran and Abrahão [8] 
provide a usability model to evaluate usability at several 
stages of a MDE-compliant development process. We could 
possibly adapt or extend this model to reach our research 
objectives and test our hypotheses.     
Finally, it seems that MDE conveys new perspectives for 
the usability research field. It allows to track usability 
problems and to highlight where exactly they occur in the 
development process. The fact that it constitutes a precise 
framework composed of models and transformations, 
allows us to link every step of the process to specific 
ergonomic inputs and to study their consequences on the 
usability of the generated system, at a global or specific 
level. Thanks to these properties, MDE constitutes an ideal 
basis to reach our objectives. However, it emphasizes once 
again the need for operationalization of ergonomic rules. 
Thus, further research is needed to achieve true integration 
of usability into software development. We aim at going 
further than the existing studies by providing a whole 
integration of UCD into MDE. We will therefore focus on 
the transformational approach in MDE, as this methodology 
provides an ideal basis for the integration of usability at 
every stage of the development process. 
2. RESEARCH OBJECTIVES 
The overarching research question is formulated as follows: 
How and to what extent is it possible to provide a solid 
framework for User-Centered Design in order to reach a 
closer integration of usability in software development? 
In terms of scientific contribution, our project will try to 
counter the limitations of the current usability models and 
guidelines. We will use MDE, a SE tool, in order to deepen 
the understanding of how usability inputs should be 
implemented within the development process. Because 
MDE will only be used as a way among others to 
investigate some hypotheses on usability and UCD in 
general, our results are expected to provide valuable and 
generic information on usability and UCD processes.    
The research questions addressed by this study are 
numerous: (i) Based on the existing usability models, what 
usability model could be the most appropriate to improve 
the integration of usability in the software development 
lifecycle? (ii) How to structure the ergonomics inputs 
according to the different steps of a design process in order 
to build a shared framework for both usability specialists 
and software engineers? (iii) By studying the usability 
inputs into the software architecture, could it be possible to 
evaluate the usability of a system, based on the coverage (in 
number and quality) of each specific usability dimensions at 
the different stages of software development? 
3. METHODOLOGY 
Our methodology will be structured in 3 major steps. 
In a first step, a systematic review of the literature on the 
usability concept will be performed to investigate the 
different definitions of usability and its related dimensions. 
Based on the existing usability models, we aim to find, 
adapt or define a consolidated usability model that would 
be appropriate to improve the integration of usability in the 
design process. The criteria for the definition of this model 
will encompass: the quality and orthogonality of the 
usability dimensions, the ability to be used for the design as 
well as for the evaluation of a system and the ability to be 
operationalized in a development process. 
The second step aims at classifying the various dimensions 
of usability defined in step 1 according to the different 
stages of an MDE development process. At this stage, our 
purpose is to know where the different usability dimensions 
would play a role and, consequently, where they would 
have to be taken into account and implemented. We aim to 
create a table that establishes a classification of the usability 
dimensions identified in our consolidated model and the 
different stages of the development process. 
The last step of the methodology encompasses: a stage of 
use cases design and a stage of usability analysis performed 
on these use cases. We plan to use at least 2 use cases. In 
collaboration with IT-engineers, we will develop three 
different interfaces for each use case. Following the 
Cameleon Reference Framework [5], our MDE design 
approach will cover 4 steps that consist of applying 
transformations rules in order to move progressively from 
Task and Domain Models to a Final User Interface. The 
difference between these 3 interfaces will lie in the 
operationalization of usability criteria into transformation 
rules. The number of transformation rules covering each 
criteria and the quality of the coverage will therefore vary 
and we will thus be able to compare the usability of each 
generated system. The usability of the generated systems 
will be assessed through 3 usability analyses: a heuristic 
evaluation performed on the transformation rules during the 
development, a heuristic evaluation performed on the final 
user interface and, finally, users tests performed in a 
usability laboratory. 
In summary, the results obtained through this methodology 
will allow us first to evaluate the quality of the generated 
interfaces.  Second, we will be able to investigate the 
possible links between the coverage of each specific 
usability dimension at the different stages of software 
development and the whole usability of the final interfaces. 
We also aim to formulate a set of propositions for the 
improvement of user-centered design and the integration of 
usability into the development lifecycle, both as a basis for 
further research work and for the attention of practitioners. 
CONCLUSION 
In this study, Model-Driven Engineering is used as a basis 
to achieve a closer integration of usability at the different 
stages of software development. The very formal aspect of 
this approach will allow us to take support on a precise and 
well-defined process to track usability problems at the 
different level of abstraction, which could represent the 
 different levels of a development lifecycle. If possible, we 
would aim at generalizing our results to every development 
lifecycle, this way giving the practitioners a better 
understanding of the usability related issues. Usability 
specialists could derive benefits from our results, especially 
by being more integrated in the earliest stages of the 
development process. We also aim at providing them with 
relevant information on the link between transformation 
rules and usability dimensions.  
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